Large numbers of ornamental fish are cultured and shipped internationally to be offered for sale to the public. During culture and shipping, the water housing the fish is often treated with antibiotics or other chemotherapeutic compounds in an attempt to reduce fish mortality. The compounds commonly used include chloramphenicol (Cm), kanamycin (K), penicillin (P), sulfonamides, and tetracycline (Te) (9) .
Aquaria containing these fish can be found in homes, school classrooms, medical and dental offices, eating establishments, department stores, nursing homes, and even in hospital wards. Fish in these aquaria can be further treated with antibacterial agents since products containing neomycin (Ne), nitrofurans, streptomycin (Sm), sulfonamides, and tetracycline can be purchased by the public. It was recently demonstrated that the dosage levels recommended for these treatments are likely to be subtherapeutic (8) . Richmond (5) has shown that the use of antibiotics at subtherapeutic levels leads to an increase in the frequency of drug-resistant strains of bacteria. The presence of multidrug-resistant bacteria in aquaria has public health implications since Trust and Bartlett (7) have demonstrated that water containing ornamental fish contain bacteria that are potential pathogens of humans.
The present study was initiated to determine the extent to which drug-resistant bacteria are associated with the aquarium environment and to determine the patterns of resistance present. In addition, the opportunity was taken to more fully characterize those multidrug-resistant species of Enterobacteriaceae that were most commonly isolated from the aquarium environment.
MATERIALS AND METHODS
Water samples. Ornamental fish were purchased from 14 retail outlets in Victoria, British Columbia, Canada. The fish were supplied in plastic bags containing water taken from the aquaria in which the fish had been housed. The water in each container was sampled for bacteriological examination immediately upon arrival at the laboratory, and the fish were transferred to holding aquaria. There was a total of 40 water samples, each representing a single aquarium and including a single fish species. The number of fish purchased ranged from one to five and included neon tetras (Hyphessobrycon innesi), puffer fish (Tetraodom fluviatilis), white clouds (Tanichthys albonubes), guppies (Lebistes reticulatus), Jack Dempsey (Cichlasoma biocellatum), angels (Pterophyllum eimekei), zebras (Brachydanio rerio), catfish (Corydoras aneus), and common goldfish (Carassius auratus).
A population of the goldfish collected from the above sources was also maintained at the University of Victoria. Goldfish were transferred from the holding aquarium to test aquaria. These test aquaria were 6-liter, round glass jars, each containing 5 liters of distilled water (adjusted to pH 7 before the addition of fish). The jars were aerated at 1 liter/min and held at 22°C. Ten goldfish (mean weight, 1 Experiments designed to demonstrate transmissible resistance were performed using Escherichia coli K-12 strain CSH 55 (F-lac-pro-nalidixic acid resistant) and CSH 55 (F' lac+ pro+ nalidixic acid resistant); the latter strains were obtained from matings of CSH 55 with CSH 23 (F' lac+ pro+). CSH strains were initially obtained from Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. Table 1 shows that water samples from aquaria containing goldfish maintained at the University of Victoria contained 9.5 x 106 viable aerobic bacteria per ml, including 2.9 x 104 organisms able to ferment lactose during growth on MacConkey agar. Between 0.2% (Te30) and 28.4% (P3.) of the bacteria present grew on media supplemented with a single antibiotic. Countable lactose-fermenting bacteria were not observed on the Ne30-MacConkey medium, but between 3% (Sm10) and 93% (Plo, Te30) of the total lactose fermenters present in the water samples grew on MacConkey agar supplemented with a single antibiotic.
RESULTS
Water samples containing ornamental fishes purchased at retail outlets also contained bacteria capable of growth on media supplemented with antibiotics or chemotherapeutic agents. Table 2 shows that these water samples all contained from 102 to 104 viable aerobic bacteria per ml capable of growing on Mueller-Hinton agar supplemented with eight different combinations of two antibacterials and one medium supplemented with three antibacterials. These to five or more of the antibacterials employed; the most frequent patterns of resistance common to both lactose-fermenting and non-lactose-fermenting isolates were P Te SSS Sm and P Cm Te SSS Sm. The most frequent patterns of resistance displayed by lactose-fermenting isolates were P Ne Te SSS Sm, P Ne Cm Te SSS Sm, and P Ne Cm Te K SSS Sm, whereas P SSS Sm was the most frequent pattern displayed by non-lactose-fermenting isolates.
The multidrug-resistant, lactose-fermenting isolates were subjected to an intensive biochemical characterization, and their resistance to a wide variety of antibacterials was confirmed by the agar dilution method. The biochemical tests employed and the number of strains positive in each test are shown in Table 4 . All 218 strains were identified as Citrobacter species, and since none fermented adonitol they were considered to be Citrobacter freundii. The antibiotic resistances of the 218 C. freundii strains are given in Table 5 . The majority of strains were resistant to penicillin, tetracycline, streptomycin, ampicillin, cephaloridine, sulfonamide, and kanamycin, but resistance to chloramphenicol, furadantin, and nalidixic acid was not uncommon.
Resistance to carbenicillin and trimethoprim was rare, and resistance to gentamicin and polymyxin was not observed. Since aquaria form a common adjunct to the domestic environment and are also commonly found as a decoration in public places, offices, and even pediatric wards in hospitals, it seemed important to attempt to determine whether the presence of plasmid-mediated resistance transfer factor could be detected in these highly antibiotic-resistant strains. For this purpose individual direct matings between 10 penicillin-, ampicillin-, cephalothin-, tetracycline-, streptomycin-, and kanamycin-resistant C. freundii strains representing five biotypes and a nalidixic acid-resistant strain ofE. coli K-12 were attempted. In no experiment were any recombinants found. Attempts were also made to mobilize a citrobacter plasmid by an F plasmid using an F' lac+ pro+ plasmid of E. coli K-12. The F' lac+ pro+ E. coli K-12 was mixed with cells from the same 10 citrobacter strains, and after 9 min the F-Nalr E. coli K-12 was added. Again no recombinants were demonstrated, but it was not possible to prove that F had been transmitted to the C. freundii strains since the latter were all lac+. In this respect the experiments were inconclusive, but they failed to demonstrate the presence of transferable resistance plasmids in the C. freundii strains. If transfer had occurred, it would have been detected at any frequency greater than 1 in 107 bacterial cells. 
DISCUSSION
These data indicate that water containing ornamental fishes frequently contains bacteria that are resistant to more than one antibiotic or chemotherapeutic agent. The multidrug-resistant strains most commonly isolated from aquarium water in this study were identified as lactose-fermenting C. freundii. It is interesting to note that these drug-resistant strains of Citrobacter were isolated on the assumption that they were E. coli, but biochemical tests revealed that no isolations of E. coli were in fact obtained.
There is fairly close accord with the behavior of these strains of C. freundii and those reported by Ewing and Davis (1), with a few exceptions. Some differences require comment; the multiple-inoculation method we use for urease determination is only suitable for reading within 24 h of inoculation. C. freundii strains are not rapid urease producers and are almost always negative when tested by this method. The strains selected for examination had already been found to be lactose fermenters; therefore, comparison with Ewing and Davis is inappropriate for lactose fermentation. There is a notable difference in the high frequency of fermentation of sucrose and raffinose by our strains and of dulcitol by the "strains" of Ewing and Davis, which may reflect their different origins. Our strains were all isolated from aquaria, but 399 of the 616 isolates reported by Ewing and Davis were from human sources, whereas only 20 were from water and 37 were from foods and feeds.
According to Ewing and Davis, malonate utilization is a characteristic possessed by a minority of C. freundii strains. Our series contained 39 strains that were malonate positive, and of these 37 were ornithine decarboxylase positive, 33 were esculin positive, 33 were salicin positive, and 32 were glycerol negative. A positive result in malonate and ornithine decarboxylase tests would be typical of C. diversus, but the strains all failed to ferment adonitol and were indole negative. The KCN test was performed on all malonate-positive strains, and 18/39 were found to be positive, with some positive examples from all the observed biotypes. The KCN test does not distinguish between C. freundii and Enterobacter cloacae, and on the tests so far outlined the strains might have been gluconate-negative examples of E. cloacae, more particularly since the strains were also H2S negative and esculin positive. The methyl red test was found to be positive for all 39 strains; thus it is likely that the 39 strains were examples of less usual biotypes of C. freundii and were not examples ofE. cloacae.
Many of the multidrug-resistant species isolated in this study, such as Pseudomonas fluorescens, are probably naturally resistant to many of the antibiotic agents tested. Citrobacter strains from clinical isolates are not necessarily highly antibiotic resistant, and the overall resistance of these aquaria strains was greater than, for instance, that described by freundii and by Slifkin and Engwall (6) for C. intermedium. In particular, our strains were much more resistant to tetracycline, streptomycin, kanamycin, sulfonamides, and chloramphenicol, which are all antibiotics commonly used in the cultivation of ornamental fish. In contrast, no strains were found to be resistant to gentamicin or polymyxin, and few strains displayed resistance to carbenicillin or trimethoprim. These antibacterials are not used by fish growers and are not available to the public as aquarium medications. This may explain the low resistance of the Citrobacter strains to these antibacterials.
It seemed likely that some of this multidrug resistance would be mediated by resistance transfer factors since R-factors are considered to be the most important elements responsible for resistance to tetracycline, chloramphenicol, streptomycin, sulfanilamide, ampicillin, and kanamycin among most genera ofEnterobacteriaceae (4). It is not clear at this time why the strains examined appeared to lack R-factors since other studies have shown that multidrugresistant Citrobacter strains carry R-factors (4). The result may only indicate that the experimental conditions used or the recipient strains selected were not appropriate for the Citrobacter strains examined.
Regardless of the mechanism by which this multidrug resistance is mediated, this pool of resistant bacteria may have considerable public health significance since people can be exposed to aquarium-borne, drug-resistant bacteria in numerous situations inside and outside the home. This exposure can be by either direct contact with the water or indirect contact mediated by the spread of a bacterial aerosol formed by the action of the aquarium aerator. This exposure could present considerable clinical significance to individuals at risk, such as young children, persons with impaired immunological responses, persons undergoing antibiotic therapy, and debilitated individuals. It is in these persons that normally innocuous bacteria such as C. freundii, P. fluorescens and Aeromonas hydrophila can cause severe infec-ANTIMICROB. AGENTS CHEMOTHER.
on November 1, 2017 by guest http://aac.asm.org/ Downloaded from tions. Interestingly, the opportunity for acquiring infections often exists since aquaria are often used as ornamentation in areas for such people.
In addition to those multidrug-resistant strains that have been selected by the use of antibacterial agents during the culture and shipping of ornamental fishes, populations of drug-resistant bacteria may also be induced in home aquaria. The aquarium contains a mixed bacterial culture growing in a liquid menstruum, and it is in these conditions in which microorganisms of different species and strains coexist and multiply simultaneously that there is ample opportunity for the transfer of genetic information, including that concerned with drug resistance. The use of antibacterial products at subtherapeutic levels will certainly provide the selection pressures necessary to increase the numbers of these drug-resistant strains in aquaria and hence in the environment. Since the efficacy of these products in protecting fish health is not proven and since the incidence of human infections by drug-resistant bacteria is on the increase, the unrestricted availability of aquarium products containing antibacterials also used in human medicine is not warranted.
Compounds used in the therapy of fish diseases should not include antibiotics used in human medicine or those known to induce Rfactors. Efforts should be made to find other drugs whose application can be restricted to fish culture. These measures should lead to a decrease in the numbers of multidrug-resistant bacteria in the environment, since experience has shown that withdrawal of an antibiotic commonly leads to a decrease in the number of resistant strains encountered.
